Introduction
One of the main objectives of economic development policies is to achieve export diversification. A widely accepted empirical result establishes that at least until relatively high levels of per capita income are reached, economic development is associated with the evolving diversification of production into a progressively wider array of new types of industries and exported products (Imbs and Wacziarg, 2003) . Diversification is crucial for achieving economic development for several reasons. It reduces vulnerability with respect to external shocks (Haddad, Lim and Saborowski 2009) , decreases the incidence of trade shocks (Ghosh and Ostry, 1994) , creates learning opportunities and, more importantly, it is clearly correlated with high rates of growth (Al-Marhubi 2000; Herzer and Nowak-Lehnmann 2006; Hesse 2009 ).
While the benefits of diversification are clear, it is less evident how to achieve it; and there are indications that breaking into new export markets is becoming increasingly difficult. One of the major realities of the growth paths of many developing and emerging economies is the difficulties in reaching a higher stage of diversification that would enable them to sustain growth and development. Their composition of production and exports still involves relatively high levels of concentration on "natural" resource-based activities, with slow rates of diversification away from this concentration.
Diversification, however, occurs at the firm level, the main unit of production. Consequently, understanding diversification requires understanding the process and capabilities by which firms introduce new products for production and export. Several approaches have directly or indirectly analysed possible determinants of the process of diversification. The objective of this paper is to test empirically firm determinants of diversification by drawing on contributions coming from the economics, innovation and business literature; as well as understanding firm dynamics around the diversification process.
In order to analyse the determinants of firm diversification we use a unique micro dataset that links production, trade and innovation data at the firm level in Brazil. This dataset allows analysing the impact of innovation, trade and production dynamics on diversification behaviour.
Despite being one of the most diversified economies in Latin America, Brazil still lags well behind advanced economies and other emerging economies like China and Mexico regarding diversification (Hummels and Klenow, 2005) . Its export basket is still heavily dependent on natural resources. At the same time, however, Brazil has developed a few competitive manufacturing sectors, which makes the country an interesting case study.
The paper is organised as follows. Section 2 surveys the literature analysing firm diversification. Section 3 describes the dataset and methodology used. Section 4 characterises firm export diversification in Brazil. Section 5 analyses the main determinants of firm export diversification. The last section concludes.
Explaining firm export diversification. A survey of the literature.
Firms" dynamics around export processes have been analysed by different stands of the economics and management literature. This section tries to understand these firm level mechanisms necessary for firm export diversification by surveying the relevant literature and summarising the main testable predictions associated to the different theoretical frameworks.
The underlying main determinant for firm diversification across the literature is the expectation of higher profitability. Firms diversify in order to obtain higher profits. As a result, the important question to answer is how this diversification occurs and how the diversification path looks like. Different stands of the literature have approached these questions in different ways, mainly focusing on their own core research question. Some of the literature on innovation or management has focused on the introduction of new products for production in general, which may be exported or not. The insights of this literature are critical for export diversification. Another example is the trade and heterogeneous firms" literature, based on (Melitz 2003) workhorse model, which has focused on describing firm trade dynamics regarding trade flows, number of firms engaged in trade, quantities and prices. Despite this last literature is agnostic regarding the endogenous processes of firm selection to export, it still offers important predictions on exogenous factors, such as productivity levels and trade costs, which matter for exporting. A final example is the "discovery" literature (Hausmann and Rodrik 2003) , which focuses only on new products, "discoveries", for the country, and gives important predictions about the constraints for firm diversification in general.
As a result of this heterogeneity of predictions arising from the different frameworks, finding a sequential way of synthesising this literature is difficult, since different angles look at different research questions and include different internal and external determinants. For this reason, our approach is to summarise each stand of the literature separately, but doing so by focusing only on the predictions relevant to the micro determinants of export diversification.
Heterogeneous Firms Models and the Extensive Margin of Trade
In recent years, a large number of empirical studies have emerged based on (Melitz 2003) model of heterogeneous firms. The key element of this framework is the issue of self-selection of firms for exporting. One important stylised fact of this literature is the fact that firms involved in international trade tend to be larger and more productive (Bernard, Jensen, Redding and Schott 2007; Mayer and Ottaviano 2008) . This model is able to replicate these stylized facts. Nevertheless, its static version treats productivity as exogenous to the firm, and does not address how firms achieve the productivity thresholds that allow them to export. Accordingly, the key elements shaping the decision for exporting are productivity levels and trade costs, which will determine what firm will access export markets and to what markets will be able to export.
Several papers have analysed empirically the predictions of the model. Export growth can be decomposed by growth at the intensive margin, growth in value of existing products; or growth at the extensive margin, growth in value of new products exported or new markets. A key finding of the literature is the fact that most export growth tends to occur at the intensive margin, on existing products. Breaking into new products and markets tends to be more difficult than increasing existing shares. A collection of papers have analysed export growth at the extensive margin and linked this type of growth to the predictions of the Melitz"s (2003) model. The focus of these papers has been how tariffs and trade costs, including the business environment, affect growth at the extensive margin. For example, (Amurgo-Pacheco and Pierola 2008; Dennis and Shepherd 2007) find that reducing trade costs via improving the business environment, reduction in transport costs or reducing tariffs increase extensive margin growth (diversification).
In recent years, the Melitz"s framework has been modified in order to accommodate other important stylised facts. For example, (Baldwin and Harrigan 2007) modify the model in order to accommodate quality differentiation and the fact that more productive firms also earn higher (rather than lower) export prices. (Ruhl and Willis 2009) modify the model to incorporate entry costs that change with changes in relative prices, productivity and demand shocks. This allows the model to be able to replicate gradual growth in exporters" market share. Finally, (Arkolakis and Muendler 2009) modify the model to incorporate multiproduct firms.
A more relevant modification of this framework for the question of this paper is (Costantini and Melitz 2007) . The authors modified the Melitz (2003) model in order to include dynamic elements, where entry, exit and innovation are jointly determined depending on entry and trade costs. In addition, (Aw, Roberts and Xu 2009 ) also develop a dynamic industry model with firm heterogeneity where investment on innovation decisions depends on profitability and entry sunk costs. These models represent a substantial improvement in trying to make productivity dynamics endogenous.
Despite these new advancements to include dynamic issues within the Melitz framework, the focus of this literature relies mainly on entry and trade costs, rather than explaining innovation or productivity changes. Thus, the key prediction for new products is that diversification will occur mainly via reductions on trade costs, tariffs and entry costs.
Multiproduct Firms, Product Churning and Survival
Traditional trade theory has considered firms as producers of one product. The reality, however, is the fact that firms are multi-product and export multiple products to multiple destinations (Bernard, Redding and Schott 2010) . This implies that firms look at the decision to export a new product in conjunction with the optimal production and export mix. (Broda and Weinstein 2010) for example analyse product creation and destruction for a large sample of firms in the US. The authors document large product turnover and the importance of aggregate demand for creation of products. Creation is largely pro-cyclical and does not occur until high potential demand is identified.
The large extent of product churning and adjustment of multi-product firms to productivity and demand shocks via adding and dropping new products is also evident when analysing export flows. Due to uncertainty regarding trade relationships, most trade flows tend to be small and short-lived. using trade data for the US at the product level document the fact that most trade transactions are small and do not survive more than three years. Survival rates are larger for differentiated products since the trade relationships required to sustain this type of trade need to be solid. (Martincus and carballo 2009 ) find a similar pattern for Peru and suggest that export market diversification is more important than product diversification in increasing survival. (Volker 2009 ) also finds low survival rates for German imports, and the fact that survival depends on how larger and closer exporters are, the demand elasticity of substitution, and exporters market power.
There are several important implications from this literature regarding firm export diversification. First, the role of demand shocks as determinant for adding new products. Second, the need for considering product churning as a multi-product decision rather than a single product decision in isolation from other products. Third, the fact that survival of new products may be short-lived. Forth, the fact that more differentiated goods require more stable relationships and, therefore, are less difficult to introduce but more stable. Given these stylised facts, an additional important question for firm diversification is how previous experience, both positive from successful exports and negative from exits, affects the current decision for introducing a new product.
Preparation for Exporting and Sequential Exporting
The issue of uncertainty is a key element when establishing new export relationships. While there is a large literature on learning-by-exporting related to changes in productivity, there is less evidence on the dynamics preceding the introduction of new products for exporting. One type of studies, innovation studies, has looked at innovation efforts (see section 2.5). A new angle of the literature has started to look at preparation efforts or sequential exporting.
(Iacovone and Javorcik 2010) using a firm level dataset from Mexico document firm market preparation for exporting. Firms first introduce varieties domestically and there is evidence of increases in quality proxied by increases in prices preceding exports. Once domestic varieties have matured, then they are exported. Given the asymmetry and uncertainty of information, multi-product firms start exporting a small number of varieties in small volumes. They also find that most varieties do not survive for more than a year and that export discoveries are rare. (López 2009 ) focus on a different type of preparation for exporting, firm investments. Analysing the relationship between exporting and productivity, the author shows using Chilean firm-level data significant increases in investment and productivity prior to firms start exporting. This supports the view of self-selection of exporters, in this case using investments to increase productivity. (Albornoz, Calvo-Pardo, Corcos and Emanue 2010) focus on a different type of uncertainty: expected profitability. In their model, while there are high sunk costs for exporting, profitability can only be determined once the firm has started to export. This implies a sequential process where firms first decide whether to export based on expected profitability, and then adjust quantities, prices and markets once the real profitability can be estimated. This gradual and sequential export expansion is also affected by distance and trade costs, since expansion to other markets depends on similarity and distance.
The importance of this literature is that it gives very relevant predictions for understanding the determinants of exporting new varieties. In particular, the following elements need to be considered in preparation for exports:
 Maturity of product for domestic market  Process of quality upgrading  Increases in investment  Increases in productivity  Familiarity with export markets
Export "Discovery"
Following the seminal work of (Hausmann and Rodrik 2003) the attention on export diversification at the country level has focused on understanding the processes through which a firms start exporting a product new to the country. The original model focused on the role of market failures constraining export "discoveries" when initial entrepreneurs are unable to capture all the positive externalities generated with the product discovery due to rapid imitation by other firms. A large number of empirical work and case studies has focused in describing these discovery episodes.
4 (Freund and Pierola 2009 ) document new export "discoveries" for Peru, and compare them with new exports to the firm. The authors find that new exports to the firm have less chance of survival than "discoveries", and that only large experienced exporters engage in "discoveries", since the later require larger sunk costs. (Klinger and Lederman 2004) find that "discoveries" are not restricted to "dynamic" industries but also to traditional sectors such as agriculture. More importantly, the authors find that the determinants of entrepreneurship are not correlated with the frequency of discovery, which implies the existence of market failures. (Klinger 2007) focuses on the different types of uncertainties related to export "discoveries". The author analyses eight case studies of different sectors in different countries and suggests two types of uncertainty: productivity, costs and quality, and demand, market segment characteristics and price. The author finds that when uncertainty is high, two main alternative strategies emerge: "discovery" in similar products or the use of FDI investors to obtain technology and knowledge.
While the "discovery" literature focuses on a narrow type of firm diversification, new export products for the country, it stresses relevant elements for firm diversification in general. For example, one may characterise both processes of firm diversification by a similar process where only the magnitude of sunk costs for exporting is different, much larger for "discoveries" and the capacity for imitating also differs, much lower for discoveries. If this is the case, then the role of productivity and demand uncertainties and the strategy to overcome these uncertainties, product relatedness and FDI investment, are extremely relevant for firm diversification in general.
Innovation Studies
Another stand of the literature that has concentrated on the issue of preparation for exporting is the innovation literature. Although this is a very large and broad literature, some papers analyse the impact of innovation on the propensity to export. One problem of this literature is the proxy for innovation, since often only broad measures such as R&D expenditure are used as proxy.
(Aw, Roberts and Xu 2009) for Taiwan and (Cassiman and Martinez-Ros 2007) for Spain find that R&D investments increase the probability of exporting. (Becker and Egger 2007) look at the types of innovation efforts in more detail. Concretely, they compare the impact of product vis-a-vis process innovation on exporting. One problem when looking at the impact of innovation on exports is the endogeneity of innovation expenditure, since exporters tend to invest more on innovation. The authors using a sample of German firms and PSM techniques to control for endogeneity find that product innovation is the key factor for exporting. In a similar paper using a sample of Belgium firms and also controlling for the endogeneity of innovation, (Beveren and Vandenbussche 2009 ) find that it is the mixture of both product and process innovation which increases the propensity to export. The authors also stress the importance of anticipation, which implies the need for controlling for past export activity and the fact that innovation efforts occur before exporting. In another related paper, (Damijan, Kostevc and Polanec 2010) look at the relationship between innovation and exporting in Slovenia. Using also PSM methods to correct for endogeneity they find no impact of product or process innovation on exports. On the contrary, the authors find that exporting tends to increase innovation efforts.
This last finding is consistent with some of the management literature on global engagement and innovation (Lederman 2009 ). Firms engaged in international trade and MNEs are more likely to innovate because they have better access to technology diffusion. (Lederman 2009 ) also suggests an additional hypothesis related to innovation, market structure. Concretely, based on existing models one can think of inverted-U relationship between the degree of competition and innovation. Firms may require large monopoly rents in order to innovate when they are further away from the technological frontier, while once they are closer to the frontier they can compete with little innovation investment.
Despite the lack of stylised facts of some of this literature, it stresses clearly the importance of considering product and process innovation when explaining export diversification. One important difference of this literature with the question of this survey is the focus on whether firms are engaged in export activities, rather than on the introduction of new products. Likely as the result of the data they use, they cannot explain firm diversification. In addition, due to the questionnaires used the innovation efforts are only aggregated into product vs process, rather than concrete innovation measures. Despite these caveats, the studies are methodologically very sound and stress the importance of focusing on innovation efforts and on its endogeneity for exporting.
On the other hand, more clear predictions arise from the business literature of innovation determinants. Concretely, market structure and global engagement or international exposure may explain cross-sector differences in innovation, and, therefore, product adding.
Firm diversification and relatedness
A very relevant link with the dynamics of firm diversification is provided by the business literature on firm diversification. This literature has analysed the determinants of firm diversification to other activities and focused on the type of new activities that the firm is more likely to produce.
(Lien and Klein 2010) summarise the main determinants in two main types. On the one hand, the industrial organization literature emphasises the role of profitability in explaining firms" decisions to entry in new sectors. However, the fact that certain sectors are more profitable than others, imply also higher barriers to entry. This implies that entry to a new product/sector should be positively correlated to product/industry growth and negatively correlated with sector/product specific barriers to entry. On the other hand, the resource-based approach stresses the importance of excess capabilities and resources explaining diversification. Accordingly, firms will diversify only to those sectors which are similar and can be handled by existing resources and capabilities. This raises the question of relatedness or similarity between products or activities. Diversification is, therefore, not random and follows "feasible" paths along the "product space".
A large number of measures have been proposed ranging from categorical measures to SIC classification distances, input ratios, commodity flows or survival measures (see (Lien and Klein 2009) ). Changes in SIC classification at 3 or 4 digits measure whether pairs of products are within the same classification category. This type of measures, while simple to calculate fail to capture that certain activities outside a core product are easier to produce with existing capabilities. Other measures are based on correlations between sector input uses or commodity flows across sectors. These measures provide a proxy of similarity in the production process across sectors. A final measure is based on co-occurrences at country or plant level. (Hidalgo and Hausmann 2009 ) build a network representing the product space based on co-ocurrences of countries exporting the same product. They show that diversification occurs in countries by moving to similar and closer products in the product space (Hidalgo, Klinger, Barabasi and Hausmann 2007) . (Neffke and Henning 2008 ) measure co-ocurrence at the plant level using firm production portfolios. The assumption is that more plants produce the same pair of products the more similar the capabilities required to produce them.
While this literature does not focus on how firms introduce new products and when would that happen, it gives very strong predictions on where diversification is likely to occur. Accordingly, diversification should be strongly conditioned by product/sector profitability and existing capabilities and resources.
Multinational Enterprises, FDI and Value Chains
One way of overcoming the uncertainties related to firm-diversification is via foreign investors or participating in foreign value chains. As suggested above, Klinger (2007) finds FDI an instrument to overcome productivity and demand uncertainties for export activities. However, the empirical literature on technology transfer for firm export diversification is rather thin, likely the result of the difficulties to measure information/technology transfer. (Swenson 2008) studies the relationship between MNEs and export relationships in China and find that MNEs enhance export capabilities mainly via information spillovers. (Greenaway, Sousa and Wakelin 2004) find for a panel of UK firms that export propensity is larger in sectors with larger MNE presence. They find this result as evidence of positive spillovers. (Bekes, Kleinert and Toubal 2009) analyse the impact of MNEs in Hungary. The authors find evidence of positive spillovers on more productive firms but not on exporters. (Aitken, Hanson and Harrison 1997) look at the impact of MNE"s spillovers using data from Mexico. They find positive spillovers from MNEs on the propensity to export, although the export intensity of MNEs does not affect the propensity to export by domestic firms. Finally, (Javorcik and Spatareanu 2009) analyse the spillover effects of MNEs on domestic firms for a sample of Czech firms. The authors find evidence that high productivity firms have a higher probability of supplying MNEs, but also that suppliers learn from their relationships with multinationals; although they do not focus on the role played by MNEs on firm diversification.
Regarding value chain relationships, (Egan and Mody 1992) study buyer-seller relationships for the bicycle and garment imports to the US. They find that these relationships help exporters in developing countries to lower entry costs and act as instruments for information, technology diffusion and access to industrial networks. (Hobday and Rush 2007) analyse the role of MNEs in electronics in building export capabilities for exporting on domestic subsidiaries in Thailand. They find that some subsidiaries upgraded capabilities while others remained as assembling plants. A key element in determining the outcome on capabilities seemed to be the degree of centralisation of technology decisions within the value chain. More decentralised networks allowed for plants to upgrade, while value chains where technology decisions and processes were tightly controlled within the parent headquarter remained as assembly plants. Thus, while in some cases MNEs can be an important vehicle for technology transmission to domestic subsidiaries, they can also become an important constraint in highly centralised value chains.
While the studies above suggest that there is evidence of MNEs spillover effects within industries on export propensity, there is little evidence on the specific role of MNEs, FDI or value chain relationship on firm export diversification. Specifically, little is known about the mechanisms through which MNEs, FDI or value chain relationships may facilitate domestic firms export diversification. In addition, different degrees of value chain governance can play different roles in fostering or constraining firm diversification.
A summary of the main hypothesis
Firms introduce new products for exporting because of the expectation of higher profits. This is the underlying main determinant of firm diversification for all the frameworks surveyed above. The literature, however, differs on the answers to two key questions required for understanding firm export diversification:  How firms introduce new products for exporting  Where or in what products diversification is more likely to occur Table 1 below attempts to summarise the main mechanisms suggested by the literature to explain these two questions. The last column of the table suggests some initial proxies that can be used to test the different predictions. Regarding the first question, how this process of firm diversification happens, different frameworks focus on several external and internal (to the firm) factors. The heterogeneous firms" framework assumes self-selection and, therefore, focuses on exogenous positive changes in productivity levels or trade costs that will allow firms already producing domestically to achieve the required productivity threshold for exporting. The multi-product literature emphasises the role of adding products as response to demand and supply adjustments. The global engagement, MNEs and value chains literature emphasise the role of engagement with external actors in order to obtain the capabilities to export a new product via information spillovers or technology diffusion. Finally, some studies, included under preparation for exporting, sequential exporting and innovation, focus on specific processes through which firms introduce new products such as prior domestic market preparation, investment or sequential expansion.
In relation to the second question, where diversification is more likely to occur, a key element is the role of proximity or relatedness. Diversification will occur more likely in products where there are capabilities and resources. This is also emphasised by the discovery literature, and more concretely by the product space literature (Hidalgo, Klinger, Barabasi and Hausmann 2007) , which suggests that diversification to other sectors is more likely to arise when countries already produce in connected sectors. One way, however, to jump to more distant activities when uncertainty is large is via FDI or integration in value chains, which facilitate the acquisition of the relevant know-how.
Understanding the determinants of firm export diversification, therefore, requires considering both, the internal processes of diversification, such as increases in innovation efforts or prior preparation via domestic markets, and the external factors that facilitate exports, such as changes in demand or in trade costs. It also involves understanding what activities are more likely to enter diversification strategies and under what circumstances. The relative importance of these determinants is likely to depend on firm characteristics (size, global engagement,..), type of product, sector, demand, and the proximity to existing production patterns and capabilities. This more comprehensive view of firm export diversification is missing from the existing literature, which tends to focus on individual sets of determinants, while ignoring other important factors.
Data and methodology
In order to analyse firm export diversification we build a unique dataset that links production, trade and innovation data for Brazilian firms. Concretely, we use the following databases:
PIA (Pesquisa Industrial Anual)
PIA is a firm survey for manufacturing and mining sectors conducted annually by IBGE (Instituto Brasileiro de Geografia e Estatistica). PIA has two different modules, PIA empresa, which focus on firm characteristics, and PIA produto, which describes the production and sales portfolio for each firm.
It surveys firms in the formal sector, with tax identification number, and with a core activity in manufacturing or mining. Firms with 30 or more employees are included in the sample, while smaller firms up to 29 workers are included randomly in the sample. In total PIA covers more than 40,000 firms. PIA produto is based on the PIA empresa sample. However, before 2004 only the largest firms from PIA empresa were included.
PINTEC (Pesquisa de Inovação Tecnológica)
PINTEC is a survey in innovation based on the CIS-4 surveys of the European Community. It provides detailed information on R&D expenditure and innovation processes for a sample of firms. Firms with more than 500 workers are automatically included in the sample, while firms from 5 to 499 workers are included randomly. PINTEC is available for 2000, although with a different questionnaire, 2003 and 2005.
SECEX (Secretaria Comercio Exterior)
SECEX provides the universe of registered trade flows at the firm level, by HS-8 product and market destination. The dataset used aggregates export fob values per year, product and destination.
Due to its most restrictive sampling methodology, estimations are based on the sample of firms surveyed in PINTEC. However, the overall dataset includes all the data available. When merging PIA and PINTEC, 73% of observations from PINTEC are matched with PIA data, while the remaining 27% are not matched. Interestingly, all exporters from SECEX have been surveyed by PIA or PINTEC, and they represent 17% of the overall sample.
In order to avoid simultaneity problems we use lagged variables from PIA and PINTEC to explain new exports in t. Since PINTEC has only three years available, we effectively use production, firm and innovation data for each firm i (vector X kt-1 ) in 2000, 2003 and 2005 to explain the probability that firm i introduces a new exported product in 2001,2004 and 2006 (Y it 
Based on table 1 we calculate different variables to proxy the predictions of the literature regarding firm diversification. The main variables used are summarised in Table 2 . We use sector dummies at CNAE two digits in order to control for sector specific elements such as trade costs, profitability and changes in foreign demand. In line with the heterogeneous firm"s framework we use firm size and productivity. We also control for the number of firms that firm produce and export. Regarding, preparation for exports we look at the evolution of unit values and markets shares of the firm previous to the introduction of the new product. We also use information on the type of innovation, the size of the innovation effort and firm ownership. Finally, we look at the degree of relatedness between new exports, existing exports and the production bundle. To measure relatedness we use different measures based on crude classification code distances and correlations based on input usage across sectors and proximity in the product space. Section 4 describes in more detail the construction of some of these variables. Relatedness measures: -distance_3d 3 digits is distance min and max CNAE 3 digits multiplied by 2 if change CNAE1 production basket -distance_2d 2 digits is distance min and max CNAE 3 digits multiplied by 2 if change_cnae1 -production basket -hs2 distance -simple difference between hs2 sectors -export basket -Correlation in input use across national accounts sectors (see section 4) -Hidalgo and Hausmann SITC4 correlations (See section 4)
The challenge in estimating equation (1) is the definition of new product Y it . We use alternative definitions described in section 4. Furthermore, the definition of the control group once we identify episodes of firm diversification is critical. Two main alternatives for control group exist. First, if diversification processes for existing exporters are similar to the processes required by firms breaking into export markets, then new exporters should include both diversifying firms and new exporters vis-a vis non diversifying exporters. Alternatively, new exporters should be considered separately or part of nondiversifying exporters.
In order to overcome these problems we follow a sensitivity analysis approach and compare different results from different specifications. First, we use two alternative measures of new export. The first measure, Y 1 it , is one when the firm diversifying is a new exporter, and zero if the firm is an existing exporter not diversifying or a new exporter. The second measure Y 2 it , is one when the firm is diversifying or it is a new exporter, and zero when it is an existing exporter that does not diversify. Equation (1) can be estimated as a Probit random effects model for both alternative indexes. However, in doing so, we omit from the sample non-exporter firms. It is possible that unexplained factors that determine whether a firm is a exporter are also correlated with the probability of firm diversification, and therefore, posing a risk of sample selection bias. In order to correct for this potential problem, we also perform a Heckman selection and use a Heckprobit estimator, where the calculated inverse mills ratio (IMR) from a first selection model for the probability of exporting are introduced as regressor of the level equation; the probability of a firm diversifying. The estimates are summarised in section 5.
Firm export diversification in Brazil
The key variable in this paper is to identify episodes where new products are introduced for exporting. There are two challenges in doing so. First, we only observe exports flows for the period of our sample, so we cannot determine whether a product was introduced before this period. Second, as suggested by the literature (Besedes and Prusa 2006; Martincus and carballo 2009) most export flows tend to be short lived. Table 3 shows the number of years that each variety (product/firm) is exported for all sectors. Only 2.28% of varieties are observed during the whole period and only 10% of varieties are exported from the year that they are introduced to 2008.This is an indication of extremely large short duration of export flows, with 57% of varieties exported only one year.
There are two main implications of low survival rates for new exports. Low survival rates make more uncertain to know whether a firm has exported a product in the period prior to our sample. Second, low survival rates imply that not considering issues of sustainability when determining new exports would be translated into an extremely large number of products considered. In order to address the issue of firm export diversification and sustainability, we compute three alternative measures with different degrees of rigidity regarding survival after being exported for first time. The three classifications are summarised in Table 4 . Classification 1 is clearly the most rigid methodology since requires continuously exporting the product, once it is introduced until 2008. All new products identified in classification 1 are part of the other two methodologies. Classification 2 allows for some degree of intermittence during the period, while the last methodology is the most flexible. The different methodologies are applied to the SECEX dataset ignoring the destination market dimension. One could define variety as firm, product and destination. However, survival rates at such level of disaggregation are even lower. Besides, the main interest of the paper is on product diversification, rather than market diversification.
The SECEX dataset includes the universe of exporters and, therefore, it has firms belonging to all the sectors of the economy. One element that arises when looking at the sector composition of exports at the firm level (Table 5 ) is the extremely large number of exported products for the construction sector. This sector is largely dominated by a small number of MNEs with large construction contracts in Latin America and Africa, which export a very large number of products in order to supply their operations abroad. This explains that on average firms in that sector export 60 different products. The number of products exported in the trading and services sector is also larger than manufacturing and agriculture. Since the objective of the paper is to focus on how firms produce and introduce new products for exporting, in the remaining of the paper we focus on the manufacturing sector, for which innovation and production data is available on the other surveys. The different methodologies described in Table 4 are implemented to firms classified in the manufacturing sector according to whether their core activity in terms of sales lies in this sector. In addition to the three different classification methods, we differentiate among three different types of new exported product. Concretely, the three following typologies of products are identified:
 New products -these are new products introduced by existing exporters  New exporters -these are new products introduced by firms that were not exporting previously  Discovery -these are new products that were never exported in sample, and, therefore, are new products to the country. Table 6 shows the summary of new products, exporters and discoveries according to each classification for the sample period. In general, new exports are not such a rare event. Around 20% of firms introduce a new product under one of the different classifications in our sample, and when considering the period 2001-2007, an average of 28% of firms a year introduces a new product for exporting. This rate falls to 17% when considering the more restrictive classification 1.
Classification 1 identifies from 816 to 1,901 firms introducing new products. It clearly becomes less rigid after 2006, due to the fact that the likelihood to be exported only three years increases substantially. On the other hand classification 3, which requires less sustainability of the export flow, shows a larger number of firms introducing new products, ranging from 3,212 to 2,218 firms, and new exporters, ranging from 1,358 to 524 firms.
While more than 50% of firms introduce only one new product each time they diversify according to each classification, some firms introduce more than one product at the same time, with an average that oscillates between 2 or 3 products. In a few cases, a very small number of firms introduce in the same year more than one hundred new products. While these firms are likely to be very large firms, it is also possible that are firms involved in trading activities at the same time than production.
An important element to analyse is the sector in which new exports are more likely to happen. When looking at the distribution of new products and exporters by sector of activity, we need to consider the number of existing product lines at each sector, since some sectors have a larger number of products that can be exporter. Appendix 1 shows the number of new products and exporters as a share of total flows per each HS-2 chapter. The sectors with larger share of new exports are 60 fabrics, 41 skins and leather, 30 pharmaceutical, 31 fertilizers and 81 other base metals.
5 5 We also observes some new exports related to agricultural exports that correspond to firms that also produce agricultural products, despite their core activity is considered manufacturing. Obs-number of firms that introduce new products; mean-average number of new products per firm that introduces new products; sd -standard deviation; p99 -number of new products at the 99 th percentile; max-maximum number of products introduced by a single firm. Source: Authors" own elaboration from SECEX The last three columns in Table 6 measure the number of new products for the country, "discoveries". As expected, "discoveries" are very rare, 39 new products in total, ranging from one to a maximum number of eight discoveries in the same year. By sector, most discoveries are concentrated in the chemicals (HS2 28, 29, 38) and pharmaceutical products (30), which account for 77% of "discoveries" 
Relatedness in exports
Related to the question on how firms diversify, is the question to what new activities are firms more likely to diversify. This question can be approached by analysing the degree of relatedness between new products introduced and the existing production or export portfolio. The resource based approach to firm diversification (Lien and Klein 2009) suggest that firms can diversify only to those activities where there are existing capabilities within the firm. Thus, we should expect that diversification occurs to similar products.
In the context of multi-product firms, defining relatedness is problematic since firms are able to produce and export products classified in different sectors. That implies that firms are also able to introduce more than one product for exporting belonging to different sectors.
This is reflected in our dataset where in a significant number of cases firms introduce more than one new product for exporting. 6 If we identify for each firm/year those new products according to any of the methodologies, and compare the variety of new products, there is a significant degree of sector variation. We compute the maximum and minimum HS code for all identified new products and new exporters under alternative classifications. For only 8.4% of the cases the difference between products is within the same HS-4 digits sector and 23% within the same HS-2 chapter. In addition, we calculate a simple difference in HS-2 chapter code. Figure 1 shows the probability distribution function of the calculated distances. Interestingly, there is a second peak on the right of the distribution between a distance of 40 and 60 HS2 chapters. Interestingly, the large majority of distances in this second cluster is explained by firms that introduce a product from the plastic and rubber sectors, as well as products from the machinery and transportation sectors. In general, the export basket tends to be diversified along the value chain, with firms being able to export inputs and processed inputs. Kernel density estimate While comparing the set of new products introduced for exports gives a clear idea of the level of firm diversification, the issue of relatedness should be considered in relation to existing exports. In order to do so, we concentrate the analysis to those exporting firms that introduce one new product for exporting under the more stringent classification. We have more than 12,000 firm/years where new products are introduced, from which in 45.38% of case firms introduce one product and 20% two new products. The remaining firms introduce more than two products to a maximum of 252. It is possible that some of these firms perform trading activities at the same time than manufacturing.
In order to simplify the analysis we focus on the sample of 45% of firms that introduce one new product for exporting in a given year. We compare the new product introduced with the export basket of the previous year and calculate the following set of relatedness measures:
 Correlation based on the input use of the input-output matrix in 2005. We calculate the correlation in terms of input use between the 55 national account sectors, and then map the correlations from sectors to activities (CNAE 1.0) and then to the HS-8 product level of the Mercosur nomenclature (NCM). For each firm and year, we calculate the correlation between each product exported in t and the new product exported in t+1. Then, we take the maximum correlation as the measure of relatedness. If one of the products exported in t is in the same HS-4 digits sector than the new product introduced the correlation is one and the new product is highly related to existing exports.  Correlation based on the input use of the input-output Leontieff matrix in 2005.
Same as above, but using the Leontieff input requirements matrix.  Correlation based on (Hidalgo, Klinger, Barabasi and Hausmann 2007) product space. The authors develop a methodology where SITC4 sectors are related in terms of co-occurrences defined by the conditional probability that any given pair of SITC4 products are exported by countries in the world. 7 We map these correlations to HS-4 sectors and replace the correlation to unity when two products belong to the same HS-4. Again, we use the maximum correlation between all the products exported in t and the new product in t+1.  Minimum difference between the existing and new product at HS-4 level. Thus, a difference of zero when one of the products is exported in t is in the same HS-4 sector than then new product introduced in t+1.  Minimum difference between the existing and new product at HS-2 chapter. As above but looking at the HS-2 chapter for each product. Figure 2 shows the probability distribution function for most of these relatedness measures. The upper panels (a) and (b) plot the distribution function for all firm/year where there was an introduction of a new product defined by classification methodology 1. Panel (a) shows the different correlation measures and (b) the HS-2 difference. As expected most new products in t+1 are very related to existing exports in t. Concretely, 75% of new exports are in the same HS-2 chapter than existing exports in t, and 51% in the same HS-4 sector. Alternatively, for those cases where we have available correlation measures, only 16% of cases show correlations of input-output measures different from one (24% for the hidalgo-Hausmann measure).
Clearly most export diversification occurs in closely related products.
Panels (c) and (d) focus on those cases that are not completely related and do not belong to same or very similar HS-4 sectors. Regarding the correlation measures, the results indicate that once the firm introduce a new product for exporting in a different sector from their core exports, the new product has a very low level of relatedness. On the other hand, the Hidalgo-Hausmann correlation index, suggests that most of these new products are mildly related with mean correlation coefficients below 0.5.
These results tend to confirm the resource based approach to firm diversification, where new exported products are similar related to existing core activities. The resulting interesting question is what are the processes through which diversification to more unrelated products occur.
A final characterisation of relatedness is to analyse whether diversification to related products is more or less likely in specific type of products. Appendix 2 tabulates the HS-2 chapter of each new product for each relatedness measure. We differentiate between the number of new products at HS-2 that are totally related to the existing export basket (correlations equal to one or HS-2 difference equal to zero) and those that are somehow more distant. We have some agriculture new products due to the fact that some firms are multi-sector. Focusing on those sectors with at least 10 new products, we identify less related new HS2 chapters, as those sectors with lower correlation than average and higher distance than average. We focus only on the correlation of the usage I-O matrix, the Hidalgo-Hausmann correlation and HS-2 distance, since the other two measures are highly correlated. Kernel density estimate Concretely the more distant HS-2 chapters are: 10 Cereals, 16 Preparations of meat or Fish, 18 Cocoa and cocoa preparations, 25 Salt, sulphur, earth cement.., 40 Rubber and rubber articles, 50 Silk, yarns,.., 53 Vegetable textile fibbers, 65 Headgear and parts, 99 Other products services. Clearly, these most distant HS-2 chapters tend to be concentrated in non-manufacturing sectors.
Sophistication
One additional question regarding firm diversification is whether the path of diversification leads to exporting more sophisticated products. While firms will prioritise profitability of new activities for the given set of capabilities they have, it is important to analyse whether these diversification paths are conducive to products with larger value added or technological content.
The definition of sophistication is clearly problematic, since it can be defined along several dimensions: quality, value added, technological content or conducive to higher country growth. We focus in two dimensions of sophistication:
 PRODY -We use the measure of sophistication introduced by Hausmann et al., 2007 and Lall et al. (2006) . Using BACI HS-6 data from CEPII we calculate for each product and year from 2001 to 2007, the measure defined in (2). This is to give each product the GDP per capita weighted by the export share of each country i for each product k in relation to the sum of exports shares for that product and year.
Once PRODY is calculated we re-scale the measure as the ratio with the mean PRODY on that specific year. Then we use the ratio to compare existing exports in t with the sophistication measure of the new exported product in t+1. WE calculate the change in sophistication ratio from the most sophisticated product in the export basket to the new product. This sophistication change is zero when the new product introduced has the same sophistication level or it is within the same HS-6 code.
 OECD classification -we use the technological content sophistication index from the OECD. This classification, groups products according to the following rankings: 1 -not industrial products, 2-low technological intensity, 3-low/medium intensity, 4-medium/high intensity and 5-high technological intensity.
Once we have grouped existing exports in these groups, we use the existing highest technological group and calculate the difference with the technological group of the new exported product. We set the difference to zero, when the new product is within the same HS-6 digit group than an existing product in t.
The results indicate that 64% of diversification cases occur in the existing technological intensity level, 31% of new exported products imply diversification towards a lower technological intensity, and only 5% of cases imply some technological upgrading. When using the Hausmann et al. (2007) methodology, the results suggest that in 19% of cases diversification is carried out in the same level of sophistication, in 61% diversification is to lower sophistication products, and only in 20% of cases there is diversification upgrading. Kernel density estimate Summing up, prima facie, firm export diversification is not such a rare event. Firms tend to diversify exports with relative frequency, and this diversification is quite even across HS-2 chapters. In addition, a significant number of firms introduce more than one new product at a time. When looking at the path of diversification, the analysis suggests that most new products are related or within the boundaries of existing capabilities of the firm. Furthermore, more diversification occurs in products of similar or lower sophistication or technological intensity.
The determinants of firm diversification in Brazil
In order to determine the main elements explaining firm export diversification we estimate equation (1). We use sector dummies based on the CNAE classification of national economic activities to control for sector specific unobserved factors and firm random effects. Table 8 shows the Probit random effects and Table 9 shows a Probit with Heckman sample selection for the probability of exporting.
The results show that larger and more productive firms are more likely to diversify. Firms with larger unit values wis-a-vis other firms in the sector diversify less, maybe as a result of higher existing profitability. Firms more concentrated in a few core activities tend to diversify less, while firms with a larger number of products in their production bundle diversify more. Regarding innovation, firms that engage in product innovation are more likely to diversify, but there is no statistical significant level regarding process innovation or the level of skills. Firms that do not engage in any innovation process are less likely to diversify. Finally the variables that proxy the origin of relevant flows for innovation or links with MNES and value chains are not statistically significant. *** significant at 1% confidence level, ** significant at 5% confidence level and * significant at 10% confidence. Year and CNAE 2 digits sector dummies coefficients not reported
As suggested above, using only the sample of exporters may lead to sample selection bias, since the determinants of a firm exporting or not may be correlated with the decision of diversifying. Table 9 shows the results correcting for the potential sample selection bias. We first estimate a selection equation for exporters, where the probability of exporting depends on size, productivity, unit value ratio, product share and firm wages, and add the inverse mills ration in the second stage. The inverse mills ratio is statistically significant, indicating that uncorrelated factors may be explaining selection to export and diversification. Interestingly, the results are very similar to Table 8 , with the main exception than size and productivity are no longer statistically significant determinants of export diversification. 
Conclusions

